US  Army  Corps 
of  Engineers 

Waterways  Experiment 
Station 


Wetlands  Research  Program  Technical  Report  WRP-RE-20 


Coastal  Wetland  Restoration  Bibliography 


by  David  J.  Yozzo,  John  P.  litre 


quality  U-ifSPlCrllii) 


The  following  two  letters  used  as  part  of  the  number  designating  technical  reports  of  research  published  un¬ 
der  the  Wetlands  Research  Program  identify  the  area  under  which  the  report  was  prepared: 

Task  Task 


CP  Critical  Processes  RE  Restoration  &  Establishment 

DE  Delineation  &  Evaluation  SM  Stewardship  &  Management 


The  contents  of  this  report  are  not  to  be  used  for  advertising, 
publication,  or  promotional  purposes.  Citation  of  trade  names 
does  not  constitute  an  official  endorsement  or  approval  of  the  use 
of  such  commercial  products. 

The  findings  of  this  report  are  not  to  be  construed  as  an 
official  Department  of  the  Army  position,  unless  so  desig¬ 
nated  by  other  authorized  documents. 


PRINTED  ON  RECYCLED  PAPER 


Wetlands  Research  Program 


Technical  Report  WRP-RE-20 
August  1 997 


Coastal  Wetland  Restoration  Bibliography 

by  David  J.  Yozzo,  John  P.  litre 

U.S.  Army  Corps  of  Engineers 
Watenways  Experiment  Station 
3909  Halls  Ferry  Road 
Vicksburg,  MS  39180-6199 


Final  report 

Approved  for  public  release;  distribution  is  unlimited 


Prepared  for  U.S.  Army  Corps  of  Engineers 
Washington,  DC  20314-1000 


Waterways  Experiment  Station  Cataloging-in-Pubiication  Data 
Yozzo,  David  John. 

Coastal  wetland  restoration  bibliography  /  by  David  J.  Yozzo,  John  P. 
Trtre  ;  prepared  for  U.S.  Army  Corps  of  Engineers. 

92  p. :  ill. ;  28  cm.  —  (Technical  report ;  WRP-RE-20)  (Wetlands 
Research  Program  technical  report ;  WRP-RE-20) 

Indudes  bibliographic  references. 

1 .  Wetlands  —  Bibliography.  2.  Marshes  —  Bibliography.  3.  Riparian 
areas  —  Bibliography.  4.  Swamps  —  Bibliography.  I.  Trtre,  John  P. 

II.  United  States.  Army.  Corps  of  Engineers.  III.  U.S.  Arnny  Engineer 
Waterways  Experiment  Station.  IV.  Wetlands  Research  Program  (U.S.) 
V.  Title.  VI.  Series:  Wetlands  Research  Program  technical  report ; 
WRP-RE-20.  VII.  Series:  Technical  report  (U.S.  Army  Engineer 
Waterways  Experiment  Station) ;  WRP-RE-20. 

TA7  W34  no. WRP-RE-20 


Corps  of  Engineers  Research  Report  Summary,  August  1997 


Wetland  Restoration 


Coastal  Wetland  Restoration  Bibliography  (TR  WRP-RE-20) 


ISSUE: 

The  restoration  of  coastal  wetlands  is  an  area  of 
increased  emphasis  within  the  civil  works  pro¬ 
gram  of  the  U.S.  Army  Corps  of  Engineers.  A 
comprehensive  guide  to  the  diverse  literature  on 
coastal  wetland  restoration  is  needed  by  District 
biologists,  engineers,  and  planners. 

OBJECTIVES: 

This  bibliography  was  compiled  to  provide  bi¬ 
ologists,  engineers,  and  planners  at  Corps  Dis¬ 
tricts  and  other  agencies/institutions  with  a 
guide  to  the  diverse  body  of  literature  on  coastal 
wetland  restoration.  The  availability  of  this  in¬ 
formation  should  aid  in  the  development  of 
technically  sound  restoration  plans  and  guide 
efforts  to  evaluate  wetland  restoration  projects 
in  the  coastal  zone  using  the  best  information 
available. 

SUMMARY: 

This  bibliography  consists  of  435  literature  ci¬ 
tations  on  coastal  wetland  restoration  in  the 


United  States.  Sources  include  scientific  jour¬ 
nals,  conference  proceedings,  and  technical  re¬ 
ports  from  various  Federal  and  State  agencies. 
The  bibliography  is  organized  by  the  following 
wetland  habitat  types:  (a)  tidal  marshes, 

(b)  mangroves,  (c)  seagrasses,  and  (d)  miscella¬ 
neous.  Selected  key  citations  in  each  section  are 
briefly  annotated,  and  a  subject  index  is  pro¬ 
vided. 

AVAILABILITY  OF  REPORT: 
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Unit  of  the  WRP  for  which  Dr.  Landin  was  the  Principal  Investigator. 
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National  Research  Council-WES  Research  Associateship. 
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The  report  was  prepared  under  the  general  supervision  of  Mr.  H.  Roger 
Hamilton,  Chief,  Resource  Analysis  Branch;  Dr.  Douglas  Clarke,  Acting 
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Introduction 


The  restoration  of  coastal  wetlands  is  an  area  of  increased  emphasis  within  the 
civil  works  program  of  the  U.S.  Army  Corps  of  Engineers  (USAGE).  Congres¬ 
sional  authorities  such  as  Section  404  of  the  Clean  Water  Act  of  1972,  Section 
1 135  of  the  Water  Resources  and  Development  Act  of  1986,  and  Section  204  of 
the  Water  Resources  and  Development  Act  of  1992  are  providing  more  oppor¬ 
tunities  to  pursue  restoration  initiatives  and  to  develop  improved  techniques  for 
the  evaluation  of  restoration  projects  and  programs  in  coastal  and  inland  waters. 
The  Corps’  Wetlands  Research  Program  (WRP)  was  initiated  in  1991  to  address 
the  needs  expressed  by  the  national  Wetlands  Policy  Forum  Report  for  protecting 
and  managing  wetlands.  The  purpose  of  the  WRP  is  to  provide  environmentally 
sound,  cost-effective  techniques  to  examine  and  provide  information  on  a  variety 
of  wetland  research  and  development  topics.  This  bibliography  was  compiled 
under  the  Technical  Standards  and  Guidance  for  Wetlands  Restoration  and  Crea¬ 
tion  Work  unit  of  the  WRP.  The  objective  of  this  work  unit  was  to  provide 
improved  technical  guidance  for  new  and  ongoing  wetland  restoration  and  crea¬ 
tion  efforts,  with  an  emphasis  on  coastal,  herbaceous  wetlands. 

Coastal  wetlands  in  the  United  States  have  historically  experienced  degrada¬ 
tion  and  loss  resulting  from  various  activities,  including  draining  and  filling  for 
conversion  to  uplands;  industrial  and  agricultural  pollution;  navigation  impacts, 
natural  and  man-induced  erosion,  and  habitat  modification.  The  recognition  of 
the  myriad  of  benefits  of  coastal  wetlands,  including  erosion  and  flood  control, 
maintenance  of  water  quality,  and  provision  of  habitat  for  fish,  shellfish,  and  wild¬ 
life  prompted  efforts  to  restore  or  create  coastal  wetlands.  Some  of  the  earliest 
attempts  to  create  or  restore  coastal  wetlands  were  initiated  by  the  Corps  in  the 
early  1970s,  as  part  of  the  Dredged  Material  Research  Program.  These  efforts 
resulted  in  the  development  of  new  engineering  technologies  for  sediment  stabili¬ 
zation  and  vegetative  plantings,  and  resulted  in  the  identification  of  new  areas  for 
research,  such  as  the  comparison  of  functional  equivalency  between  restored/ 
created  and  natural  wetlands.  Additional  USAGE  programs  that  have  included 
opportunities  for  coastal  wetland  restoration  include  the  Dredging  Research  Pro¬ 
gram,  Dredging  Operations  and  Technical  Support  Program,  Dredging  Operations 
and  Environmental  Research  Program,  Wetlands  Research  Assistance  Program, 
and  the  Characterization  and  Restoration  Wetlands  Research  Program.  Other 
Federal  and  State  agencies  and  institutions  have  developed  restoration  initiatives, 
and  Federal  legislation  (The  Coastal  Wetlands  Planning,  Protection,  and 
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Restoration  Act  of  1990)  has  been  enacted  in  support  of  multiagency  participation 
in  restoration  activities  in  the  coastal  zone. 

A  considerable  amount  of  published  material  on  restoration  of  coastal  wetlands 
is  available,  in  both  the  primary  and  gray  literature.  The  majority  of  this  literature 
is  on  the  restoration  of  temperate  coastal  wetlands,  primarily  Spartina  altemijlora 
marshes;  previous  investigators  have  summarized  this  literature  and  available 
resources  on  this  subject  (Matthews  and  Minello  1994a,b).  Considerable  litera¬ 
ture  documents  the  restoration  of  subtropical  and  temperate  seagrasses.  Subtidal 
seagrass  beds  are  closely  linked  to  emergent  coastal  wetland  systems  and  are  at 
least  as  vulnerable  as  tidal  marshes  to  environmental  impacts.  Like  tidal  marshes, 
seagrass  beds  provide  a  high-quality  “nursery  habitat”  in  shallow  coastal  ecosys¬ 
tems  and  are  critical  to  early  life  stages  of  many  estuarine  and  coastal  fishery  spe¬ 
cies.  Thus,  seagrasses  are  often  considered  in  the  restoration  and  management  of 
coastal  wetlands  (Fonseca  1990).  Mangrove  forests  are  also  subject  to  habitat 
modification  and  degradation  activities.  Few  publications  document  the  restora¬ 
tion  of  mangroves  relative  to  the  aforementioned  saltmarsh  and  seagrass  ecosys¬ 
tems.  Fewer  publications  document  the  restoration  or  creation  of  tidal  freshwater 
marshes,  despite  the  relative  abundance  and  proximity  of  these  unique  and  pro¬ 
ductive  wetlands  to  population  centers  in  the  major  tributaries  along  the  Atlantic 
coast  and  elsewhere. 

This  bibliography  consists  of  435  literature  citations  on  coastal  wetland  res¬ 
toration  in  the  United  States.  Sources  include  scientific  journals,  conference  pro¬ 
ceedings,  and  technical  reports  from  various  Federal  and  State  agencies.  The 
bibliography  is  organized  by  the  following  wetland  habitat  types:  (a)  tidal 
marshes,  (b)  mangroves,  (c)  seagrasses,  and  (d)  miscellaneous.  The  last  category 
includes  citations  that  document  restoration  of  multiple  or  adjacent  habitats  within 
a  particular  geographic  region  (i.e.,  restoration  of  seagrasses  and  mangroves  in 
Tampa  Bay,  Florida)  and  compilations  of  conference/workshop  proceedings  on 
coastal  habitat  restoration.  Selected  key  citations  in  each  section  are  briefly  anno¬ 
tated.  The  majority  of  the  citations  listed  document  specific  restoration  projects. 
Citations  have  also  been  included  that  describe  restoration  theory  or  resource 
management  issues  in  coastal  habitat  restoration.  Citations  on  habitat  creation, 
including  beneficial-use  projects  are  included,  although  they  may  not  necessarily 
document  restoration  of  a  particular  site  or  habitat  type  to  “predisturbance”  or 
“historical”  conditions.  Also  included  are  citations  documenting  ecosystem-level 
processes  that  relate  specifically  to  restoration/creation  efforts  in  coastal  wetlands. 

This  bibliography  is  intended  for  a  broad  range  of  users.  Resource  managers, 
environmental  planners,  biologists,  and  engineers  at  Corps  Districts  and  other 
Federal  and  State  agencies/institutions  who  require  a  comprehensive  guide  to  the 
complex  and  diverse  body  of  literature  on  coastal  wetland  restoration  should 
benefit  from  the  resources  compiled  here.  The  anticipation  is  that  the  bibliogra¬ 
phy  will  aid  in  the  development  of  technically  sound  restoration  plans  and  guide 
efforts  to  evaluate  wetland  restoration  projects  in  the  coastal  zone  using  the  best 
information  available. 
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Annotated  Entries 


Allen,  E.A.,  Fell,  P.E.,  Peck,  M.A,  Gieg,  J.A.,  Guthke,  C.R.,  and  Newkirk,  M.D. 
(1994).  “Gut  contents  of  common  mummichogs,  Fundulus  heteroclitus  L.,  in 
a  restored  impounded  marsh  and  in  natural  reference  marshes,”  Estuaries  1 7, 
462-71. 

Gut  contents  of  mummichogs  {Fundulus  heteroclitus)  leaving  and  entering  tidal 
ditches  were  compared  at  a  restored  impounded  valley  marsh  and  two  nearby 
reference  marshes  in  Connecticut.  Major  food  items  were  detritus,  algae,  amphi- 
pods,  tanaids,  copepods  and  insects.  Fish  from  the  restored  marsh  consumed  less 
food  per  unit  body  weight  than  fish  from  the  reference  marshes. 

Boesch,  D.F.,  Josselyn,  M.N.,  Mehta,  A.J.,  Morris,  J.T.,  Nuttle,  W.K.,  Simenstad, 
C.A.,  and  Swift,  D.J.P.  (1994).  “Scientific  assessment  of  coastal  wetland  loss, 
restoration  and  management  in  Louisiana,”  Journal  of  Coastal  Research, 
Special  Issue  No.  20. 

This  report  summarizes  the  findings  of  an  expert  panel  commissioned  to  examine 
the  problem  of  wetland  loss  in  coastal  Louisiana  and  recommend  research  and 
management  needs.  The  report  focuses  on  processes  of  wetland  loss  in  coastal 
Louisiana,  including  human  contributions.  Management  options  are  discussed 
and  a  comprehensive  management  approach,  including  provision  for  wetland 
restoration  under  the  Coastal  Wetlands  Planning,  Protection  and  Restoration  Act 
(CWPPRA),  is  outlined. 

Broome,  S.W.,  Seneca,  E.D.,  and  Woodhouse,  W.W.,  Jr.  (1988).  “Tidal  salt 
marsh  restoration,”  Aquatic  Botany  32,  1-22. 

An  overview  of  the  ecological  functions  of  coastal  salt  marshes  and  techniques  for 
their  restoration,  particularly  following  human  pertubation  such  as  dredge  and  fill 
activites  and  discharge  of  toxic  materials  such  as  petroleum  products.  Factors 
which  determine  success  of  vegetation  establishment  are  discussed,  including  tidal 
regime,  slope,  wave  exposure,  soil  physico-chemistiy,  nutrient  supply  and  salinity. 
Examples  of  marsh  restorations  are  provided  and  illustrate  restoration/ 
enhancement  of  dredged  material  disposal  sites,  shoreline  stabilization,  and 
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revegetation  of  a  marsh  destroyed  by  an  oil  spill.  Further  reseach  is  needed  to 
confirm  the  success  of  marsh  restoration  based  on  ecological  functions,  including 
the  faunal  component. 

Fell,  P.E.,  Murphy,  K.A.,  Peck,  M.A.,  and  Recchia,  M.L.  (1991). 

“Re-establishment  of  Melampus  bidentatiis  (Say)  and  other  macroinvertebrates 
on  a  restored  impounded  tidal  marsh:  Comparison  of  populations  above  and 
below  the  impoundment  dike,”  Journal  of  Experimental  Marine  Biology  and 
Ecology  152, 33-48. 

Macroinvertebrate  communities  were  compared  at  an  impounded  marsh  in  Ston- 
ington,  Connecticut,  which  had  been  restored  from  a  7y/»/ia-dominated  system  to 
a  typical  salt  marsh  within  12  years  after  the  introduction  of  tidal  flooding.  Com¬ 
parison  was  made  to  marshes  below  the  impoundment  dike,  which  were  domi¬ 
nated  by  Spartina  patens  and  short  S.  alterniflora.  Melampus  bidentatus  and 
other  invertebrates  have  become  reestablished  on  the  impounded  marsh.  Mean 
density  of  Melampus  bidentatus  was  greater  on  the  marshes  below  the  dike;  how¬ 
ever,  mejm  snail  biomass  was  greater  on  the  restored  impounded  marsh. 

Frenkel,  R.E.,  and  Morlan,  J.C.  (1991).  “Can  we  restore  our  salt  marshes?  Les¬ 
sons  from  the  Salmon  River,  Oregon,”  The  Northwest  Environmental  Journal 
7,  119-35. 

The  progress  of  salt  marsh  development  was  monitored  for  10  years  following  the 
removal  of  a  dike  and  restoration  of  tidal  flow  to  pastures  along  the  Salmon  River 
Estuary,  Oregon.  Environmental  parameters  evaluated  included  elevation,  tidal 
creek  morphology,  soil  characteristics,  plant  community  structure,  and  above¬ 
ground  primaiy  production.  Guidelines  on  project  construction  and  monitoring 
are  presented  to  aid  in  future  marsh  restorations  in  the  Pacific  Northwest. 

Gilmore,  R.G.,  Cooke,  D.W.,  and  Donohoe,  C.J.  (1983).  “A  comparison  of  the 
fish  populations  and  habitat  in  open  and  closed  salt  marsh  impoundments  in 
east-central  Florida,”  Northeast  Gulf  Science  5,  25-37. 

Ichthyofauna  of  two  marsh  impoundments  along  the  Indian  River  lagoon  were 
compared:  one  closed  to  tidal  influence  and  one  opened  to  the  tide  via  a  single 
80-cm  diameter  culvert.  The  closed  impoundment  contained  a  depauperate 
ichthyofauna  consisting  of  12  species  and  was  characterized  by  stressed  environ¬ 
mental  conditions.  The  open  impoundment  contained  41  fish  species  and 
exhibited  extensive  regrowth  of  typical  emergent  marsh  vegetation. 

Josselyn,  M.,  ed.  (1982).  “Wetland  restoration  and  enhancement  in  California,” 
Proceedings  of  a  Conference,  February  1982,  California  State  University, 
Hayward.  California  Sea  Grant  Report  T-CSGCP-007,  Tiburon  Center  for 
Environmental  Studies,  Tiburon,  CA. 

A  compilation  of  papers  from  a  workshop  on  marsh  restoration  held  at  California 
State  University,  Hayward,  in  February  1982.  Topics  include  a  summary  of  resto¬ 
ration  projects  in  California;  restoration  goal  development;  legal  and  institution 
constraints  on  wetland  restoration;  wetland  engineering;  restoration  project 
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monitoring;  vegetation,  benthic  invertebrate  and  fish  communities  of  restored 
wetlands. 

Josselyn,  M.N.,  and  Buchholz,  J.  (1984).  “Marsh  restoration  in  San  Francisco 
Bay:  A  guide  to  design  and  planning,”  Technical  Report  3,  Tiburon  Center  for 
Environmental  Studies,  Tiburon,  CA. 

This  report  details  the  restoration  of  tidal  wetlands  in  the  San  Francisco  Bay  area 
and  provides  guidelines  to  successful  habitat  design  for  future  restoration  projects. 
The  primary  emphasis  of  the  report  is  on  biological  components  of  restored  habi¬ 
tat;  however,  considerable  information  is  provided  on  sedimentation  and  hydrol¬ 
ogy,  as  well.  Restoration  project  objectives  and  monitoring  programs  for  marsh 
restorations  are  discussed.  Case  studies  of  previous  and  ongoing  restoration  proj¬ 
ects  in  Marin  County  are  provided. 

Landin,  M.C.,  Webb,  J.W.,  and  Knutson,  P.L.  (1989).  “Long-term  monitoring  of 
eleven  Corps  of  Engineers  habitat  development  field  sites  built  of  dredged 
material,  1974-1987,”  Technical  Report  D-89-1,  U.S.  Army  Engineer  Water¬ 
ways  Experiment  Station,  Vicksburg,  MS. 

This  report  documents  the  long-term  study  of  1 1  habitat  development  sites  built 
on  dredged  materials  by  the  U.S.  Army  Corps  of  Engineers  Dredged  Materials 
Research  Program  (DMRP).  Summary  chapters  provide  construction  details  and 
monitoring  results  for  each  site,  with  comparison  to  natural  reference  conditions. 
Objectives  of  the  monitoring  study  were  to  (a)  document  long-term  stability  of 
dredged  material  disposal  sites,  (b)  determine  successional  changes,  (c)  relate  site 
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mites  australis),  along  with  a  loss  of  Spartina  marsh.  Restoration  of  Phragmites- 
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order  to  assess  the  performance  of  wetland  restorations. 

Sinicrope,  T.L.,  Hine,  P.G.,  Warren,  R.S,  and  Neiring,  W.A.  (1990).  “Restora¬ 
tion  of  an  impounded  salt  marsh  in  New  England,”  Estuaries  13,  25-30. 
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Zedler,  J.  (1984).  “Salt  marsh  restoration:  A  guidebook  for  southern  California,” 
California  Sea  Grant  Report  T-CSGCP-009. 

A  detailed  “how-to”  manual  for  the  restoration  and  enhancement  of  salt  marshes 
in  southern  California  based  on  6  years  of  intensive  study  in  the  Tijuana  Estuary, 
Los  Penasquitos  Lagoon,  and  the  San  Diego  River.  Definition  of  project  goals 
and  objectives  are  covered,  as  well  as  construction  techniques,  selection/  planting 
of  salt  marsh  vegetation,  monitoring,  and  storage/dissemination  of  project  data. 
Additional  sections  provide  information  on  regional  coastal  management  policies, 
invasive  exotics,  and  endangered  species. 
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regional  restoration  strategy,”  Ecological  Applications  6,  84-93. 
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The  historic  functioning  of  southern  California  coastal  wetland  systems  is  sum¬ 
marized,  amd  four  recent  wetland  mitigation  case  studies  are  used  to  document 
specific  concerns  and  potential  pitfalls.  A  regional  strategy  for  restoration  of 
coastal  wetlands  in  southern  California  is  proposed,  along  with  recommendations 
for  landscape-scale  planning  and  implementation. 

Zedler,  J.B.,  Principal  Author.  (1996b).  “Tidal  wetland  restoration:  A  scientific 
perspective  and  southern  California  focus,”  Report  T-038,  California  Sea 
Grant  System,  University  of  California,  La  Jolla,  CA. 

This  book  represents  an  overview  and  synthesis  of  tidal  wetland  restoration  in 
southern  California.  Examples  of  restoration  projects,  an  overview  of  problems  in 
wetland  resoration,  and  recommendations  for  improved  project  planning  and 
implementation  (including  discussion  of  the  role  of  adaptive  management)  are 
presented.  Considerable  attention  has  been  given  to  providing  specific  recom¬ 
mendations  for  data  acquisition  and  monitoring  of  restored  tidal  wetlands. 
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The  life-history  and  ecological  role  of  mangroves  in  south  Florida  is  summarized. 
Significant  acreage  of  mangroves  has  been  lost  in  south  Florida,  primarily  due  to 
dredge  and  fill  activities,  and  restoration  of  impacted  areas  is  necessary  to  reestab¬ 
lish  lost  functions.  Several  efforts  to  transplant  mangroves  are  described.  Impor¬ 
tant  factors  in  the  successful  reestablishment  of  planted  mangroves  include  plant 
size  and  source,  salinity  regime,  shoreline  energy,  water  depth,  root-parasite  prev¬ 
alence,  and  vandalism.  Cost  estimates  for  planting  various  mangrove  species  are 
provided. 
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Fish  and  macrobenthic  communities  were  studied  at  a  mangrove-dominated 
impoundment  (Cabbagehead  Bayou,  Tampa  Bay,  Florida)  and  at  a  nearby  refer¬ 
ence  site  (Double  Branch  Bay).  Faunal  samples  were  collected  1 3  months  prior 
and  22  months  after  removal  of  a  berm.  Fish  abundance,  biomass,  and  species 
richness  decreased  in  Cabbagehead  Bayou  as  a  result  of  berm  removal.  Macro- 
faunal  response  was  variable  among  taxa,  but  amphipod  and  polychaete  abun¬ 
dances  increased  following  berm  removal.  Community  similarity  of  fish  and 
polychaete  and  amphipod  assemblages  between  the  two  sites  increased  during  the 
second  year  of  postrestoration  monitoring,  but  generally  remained  low.  Although 
a  distinct  faunal  response  to  alteration  of  tidal  regime  may  be  detectable  within 
2  years,  the  authors  recommend  that  future  studies  which  attempt  to  document 
faunal  recovery  of  restored  wetlands  may  benefit  from  extended  duration  of 
monitoring. 
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sediment  movement  between  four  species  of  seagrass  with  reference  to  their 
ecology  and  restoration,”  Marine  Ecology  Progress  Series  29,  15-22. 

The  ability  of  seagrasses  to  modify  the  hydrodynamic  environment  is  well- 
documented  and  may  affect  the  observed  distribution  of  fauna  associated  with 
existing  or  newly  developing  seagrass  meadows.  Comparisons  of  canopy  friction 
and  sediment  dispersal  were  made  for  four  species  of  seagrasses  (Thalassia 
testudinum,  Halodule  wrightn,  Zostera  marina,  and  Syringodium  filiforme)  under 
27  combinations  of  velocity,  water  depth,  and  plant  density  in  an  experimental 
flume.  All  species  except  S.  filiforme  lost  friction  (through  canopy  compression) 
with  increasing  current  velocity.  Canopy  fraction  was  positively  correlated  with 
the  percent  of  the  water  column  occupied  by  seagrasses.  Thalassia  testudinum 
provide  the  greatest  protection  of  the  sediment  surface  from  erosion;  H.  wrightii 
and  Z  marina  provided  intermediate  levels  of  protection;  and  S.  filiforme  pro¬ 
vided  the  least  protection.  Nursery  and  refuge  characteristics  of  the  four  species 
are  likely  to  vary  directly  with  their  influence  on  canopy  friction  and  sediment 
movement.  Future  studies  of  seagrass  fauna  should  consider  hydrodynamic 
factors. 

Fonseca,  M.S.,  Kenworthy,  W.J.,  and  Courtney,  F.X.  (1996).  “Development  of 
planted  seagrass  beds  in  Tampa  Bay,  Florida,  USA.  I.  Plant  components,” 
Marine  Ecology  Progress  Series  132, 127-39. 

This  paper  documents  the  study  of  floral  attributes  of  planted  seagrass  beds 
{Halodule  wrightii  and  Syringodium  filiforme)  in  Tampa  Bay,  Florida.  Planting 
Unit  (PU)  survival,  change  in  areal  shoot  density,  plant  morphometries  and  associ¬ 
ated  macroalgae  were  monitored  for  3  years  (1987-90),  with  comparison  to 
nearby,  natural  reference  beds.  An  average  loss  of  47  percent  PU  was  docu¬ 
mented,  although  subsequent  survival  and  persistence  indicate  that  many  areas  of 
Tampa  Bay  are  now  suitable  for  restoration.  Many  plantings  exhibited  little 
growth  during  year  one,  and  then  expanded  rapidly  in  year  two  of  the  study.  Con¬ 
servation  of  remaining  seagrass  beds  provides  a  more  certain  basis  for  maintain¬ 
ing  the  resource  than  mitigation  through  planting. 


Fonseca,  M.S.,  Kenworthy,  W.J.,  Colby,  D.R.,  Rittmaster,  K.A.,  and  Thayer, 

G.W.  (1990).  “Comparisons  of  fauna  among  natural  and  transplanted  eelgrass 
Zostera  marina  meadows:  Criteria  for  mitigation,”  Marine  Ecology  Progress 
Series  65,  251-64. 

In  this  paper,  abundance,  composition,  and  size  distributions  of  fish  and  shrimp 
were  compared  among  unvegetated,  transplanted,  recently  seed-colonized,  and 
mature,  natural  eelgrass  (Zostera  marina)  habitats  in  order  to  determine  the  func¬ 
tional  equivalence  of  transplanted  beds  to  natural  counterparts.  Fish  and  shrimp 
were  most  abundant  in  natural  eelgrass  beds,  and  least  abundant  in  unvegetated 
habitats.  Epibenthic  faunal  development  was  closely  coupled  with  eelgrass  bed 
development.  Areas  characterized  by  poor  transplant  success  exhibited  reduced 
abundance  and  different  taxonomic  composition  relative  to  natural  beds.  Animal 
abundance  in  a  successful  1 .9-year-old  transplanted  bed  and  a  6-month-old  seed- 
developed  bed  was  indistinguishable  from  that  of  mature,  natural  beds.  Areal 
shoot  density  may  serve  as  a  convenient  diagnostic  parameter  to  determine  func¬ 
tional  equivalency  in  transplanted  eelgrass  beds.  Restoration  of  eelgrass  habitats 
may  contribute  substantially  to  fish  and  shrimp  production,  provided  the  habitats 
persist. 

Fonseca,  M.S.,  Meyer,  D.L.,  and  Hall,  M.O.  (1996).  “Development  of  planted 
seagrass  beds  in  Tampa  Bay,  Florida,  USA.  II.  Faunal  components,”  Marine 
Ecology  Progress  Series  132,  141-56. 

This  paper  documented  changes  in  shrimp,  fish,  and  crab  abundance  and  compo¬ 
sition  and  size  distribution  in  planted  Halodule  wrightii  and  Syringodiumflliforme 
beds  in  Tampa  Bay,  Florida.  Faunal  samples  were  collected  using  1-m^  dropnets 
over  a  3-year  period  (1987-90)  with  comparison  to  unvegetated  habitats  and 
nearby  natural  reference  beds.  Planted  H.  -wrightii  beds  exhibited  animal  densities 
and  species  composition  comparable  with  that  of  natural  beds  1 .8  years  after 
planting.  Comparison  of  S.  filiforme  and  S.  filiforme/H.  -wrightii  mixed  beds  were 
unavailable  due  to  failure  of  several  planting  areas.  Macroepifauna  in  planted  H. 
wrightii  beds  exhibited  an  asymptotic  relationship  with  areal  shoot  density,  with 
animal  densities  equaling  natural  beds  at  shoot  densities  of  one-third  that  of  natu¬ 
ral  beds.  This  pattern  corroborates  the  existence  of  a  threshold  for  habitat  struc¬ 
ture  influencing  numerical  abundance  of  associated  animal  communities  in 
seagrass  beds. 

McLaughlin,  P. A.,  Treat,  S.F.,  Thorhaug.  A.,  and  Lemaitre,  R.  (1983).  “A 
restored  seagrass  (Thalassia)  bed  and  its  animal  community,”  Environmental 
Conservation  1 0,  247-54. 

The  animal  community  of  a  restored  Thalassia  bed  in  south  Biscayne  Bay, 

Florida,  was  sampled  quarterly  to  determine  whether  recolonization  would  be 
similar  to  a  natural  Thalassia  bed,  unaffected  by  thermal  effluent  or  other  pollu¬ 
tants.  Significant  differences  in  abundance  and  species  composition  were  found 
in  comparison  of  the  restored  Thalassia  bed  to  a  nearby,  unvegetated  area.  No 
statistically  significant  differences  were  observed  in  comparison  to  the  unimpacted 
control  site.  Certain  animal  groups  (Penaeous  duorarum,  caridean  shrimps. 
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juvenile  fishes)  were  more  abundant  in  the  restored  bed  relative  to  the  unimpacted 
control  site. 

Orth,  R.J.,  Luckenbach,  M.,  and  Moore,  K. A.  (1994).  “Seed  dispersal  in  a 
marine  macroph)^e:  Implications  for  colonization  and  restoration,”  Ecology 
75,  1927-39. 

Field  and  laboratory  experiments  on  seed  dispersal  in  eelgrass  (Zostera  marina  L.) 
were  conducted  in  the  York  River,  Virginia.  Results  showed  that  seeds  settle 
rapidly,  with  dispersal  distances  of  only  a  few  meters  from  broadcast  sites,  and  are 
rapidly  incorporated  into  the  substrate.  Small-scale  topographic  features  (bur¬ 
rows,  mounds,  etc.)  may  shield  seeds  from  the  effects  of  bottom  currents.  The 
limited  dispersal  capabilities  of  seeds  and  landscape-sale  implications  for  eelgrass 
patch  dynamics  and  establishment/recolonization  should  be  considered  in  the  for¬ 
mulation  of  eelgrass  restoration  goals. 

Thom,  R.M.  (1990).  “A  review  of  eelgrass  (Zostera  marina  L.)  transplanting 
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